1. Introduction {#s0005}
===============

Nanotechnology concerns with the development of experimental processes for synthesis of nanoparticles of different sizes, shapes and controlled disparity. This provides an efficient control over many of the physical and chemical properties with potential applications in pharmaceuticals and medicine ([@bb0040]). To date, metallic nanoparticle are mostly prepared from noble metals viz., platinum (Pt), gold (Au), silver (Ag) and lead (Pb), among these Ag is the metal of choice in the field of biological system ([@bb0050]).

The nanoparticles, synthesized through green processes, are known as green nanoparticles (GNPs) ([@bb0230], [@bb0005]). GNPs are widely applied in the field of medicine such as chemical biosensing, imaging, drug delivery and therapeutic labeling ([@bb0100]) and are applied in the commercially available consumer products such as skin-creams, wound dressing, dental bonding agents, toothpastes and cosmetic products.

The biogenic reduction of metal ion to base metal is quite rapid, readily conducted at room temperature and pressure. Plant extracts may act both as reducing agents and stabilizing agents in the synthesis of nanoparticles and is known to influence the characteristics of nanoparticles ([@bb0110]).

Insecticide applications, although highly effective against the target vector species control, yet are facing a threat due to the development of resistance to chemical insecticides resulting in rebounding vectorial capacity ([@bb0115]). Vector control requires new and improved mosquito control methods that are cheap, ecofriendly and non poisonous to non target organisms.

The use of silver nanoparticles as mosquito larvicide is well established ([@bb0155], [@bb0070], [@bb0225], [@bb0245]). In recent studies, potential mosquito larvicidal activity of synthesized AgNPs from plant extracts is well-documented ([@bb0225], [@bb0130], [@bb0240]). Silver nanoparticles using leaf extract of *E. prostrata* was reported to have larvicidal activity against filariasis and malarial vectors ([@bb0175]). Green synthesized silver nanoparticles using aqueous root extract of *Delphinium denudatum* showed potent larvicidal activity against second instar larvae of dengue vector *Aedes aegypti* ([@bb0235]). Silver nanoparticles synthesized by using aqueous extracts from leaves and green berries of *Solanum nigrum* were reported to show larvicidal activity against the larvae of *Culex quinquefasciatus* and *Anopheles stephensi* ([@bb0180]).

*Leucas aspera* (Willd) belonging to *Lamiaceae* family is known for its medicinal properties and the leaves are used in traditional medicine for treating dyspepsia, cough, cold, painful swelling, fevers, ulcers and chronic skin eruptions ([@bb0035]). The leaves are used as insecticide and mosquito repellent in rural areas ([@bb0190], [@bb0125]) and as a natural pesticide against *A. stephensi* ([@bb0090]) and also exhibits larvicidal activity against *A. aegypti*, *A. stephensi* and *C. quinquefasciatus*.

*Hyptis suaveolens* (L.) Poit is commonly known as *Wilayati tulsi*, a rigid sweetly aromatic herb belonging to the family *Lamiaceae*. The leaves are used to treat cancer ([@bb0120]) and anti-fertility ([@bb0145]). Some species of *Hyptis* have been shown to possess insecticidal properties and larvicidal properties against *C. quinquefasciatus* ([@bb0045]).

The AgNPs which are less likely to cause ecological damage have been identified as a potential replacement of synthetic chemical insecticides; hence the need to use green synthesized AgNPs for the control of disease vectors. The present study focuses on the larvicidal activity of synthesized silver nanoparticles (AgNPs) from aqueous extracts of *L. aspera* and *H. suaveolens* leaf extract against the larvae of *Aedes aegypti, Anopheles stephensi* and *Culex quinquefasciatus.*

2. Materials and methods {#s0010}
========================

2.1. Plant collection {#s0015}
---------------------

*Leucas aspera* and *Hyptis suaveolens* weeds are found growing as dense clumps along the roadsides of Chennai, Tamilnadu, India ([Fig. 1](#f0005){ref-type="fig"}). *L. aspera* and *H. suaveolens* were identified and authenticated by Prof. P. Jayaraman and deposited at the plant Anatomy Research (PARC/2013/2109) West Tambaram, Chennai-600 045, Tamil Nadu, India.Fig. 1Weeds selected for green synthesis of silver nanoparticles.Fig. 1

2.2. Selection of mosquito species {#s0020}
----------------------------------

The mosquito species selected for the present study were *A. stephensi*, *A. aegypti*, and *C. quinquefasciatus*. *A. stephensi* is vector of malaria in India and larvae of these species are generally found in distinctly different habitat. *A. aegypti* (Linnaeus), the yellow fever mosquito spreads dengue fever, chikungunya, yellow fever and other diseases. *A. aegypti* is a vector for transmitting several tropical fevers. *C. quinquefasciatus* is the vector of West Nile which causes encephalitis or meningitis affecting the brain tissue resulting in permanent neurological damage.

2.3. Preparation of plant extract and synthesis of AgNPs {#s0025}
--------------------------------------------------------

The leaves of *L. aspera* and *H. suaveolens* were washed thoroughly in tap water in order to remove dust particles and rinsed briefly in deionized water. The aqueous solution was prepared by taking 10 g of washed and finely cut leaves in a 250 mL Erlenmeyer flask along with 100 mL of deionized water and the mixture was boiled at 60 °C for 15 min. This extract was filtered through nylon mesh (spectrum), followed by millipore hydrophilic filter (0.22 m) and used for further experiments ([@bb0150]).

2.4. Synthesis of silver nanoparticles {#s0030}
--------------------------------------

Fresh extract was used for the reduction of Ag^+^ ions to Ag°, where in 2 mL of extract was added to 98 mL of aqueous silver nitrate (1 mM) solution and incubated at 28 °C for 60 min. The bio-reduced AgNPs were analyzed using UV--visible spectroscopy.

2.5. UV- visible spectral analysis {#s0035}
----------------------------------

1 mL of sample was withdrawn at time intervals and surface plasmon resonance of silver nanoparticles was characterized using a UV--vis spectrophotometer (Shimadzu 1601 model, Japan) at a resolution of 1 nm between 200 and 800 nm. Furthermore, the final nano-colloidal solution was subjected to repeated centrifugation (twice) to get rid of any un-interacted biological molecules at 10,000 rpm for 20 min in Remi Research Centrifuge. The final pellet was collected, dried in vacuum desiccators and stored for future use. From the synthesized NPs different test concentrations of aqueous solutions were prepared.

2.6. Fourier transform-infrared (FT-IR) spectroscopy {#s0040}
----------------------------------------------------

For FT-IR (PERKIN ELMER-SPECTRUM ONE) studies, the powdered sample of AgNPs was prepared by centrifuging the synthesized AgNPs solution at 10,000 rpm for 20 min. The solid residue obtained is then washed with deionized water to remove any unattached biological moieties to the surface of the nano particles, which are not responsible for biofunctionalization and capping. The resultant residue is then dried completely and the powder obtained is used for FT-IR measurements. The scanning range was 4000--450 cm^− 1^at a resolution of 4 cm^− 1^.

2.7. X-ray diffraction studies {#s0045}
------------------------------

The formation and quality of compounds were checked using X\'Pert Pro Materials Research diffractometer system. The X ray diffraction (XRD) pattern was measured by drop coated films of AgNO~3~ on glass plate and employed with a characteristic radiation in the range of 20--90° at a scan rate of 0.05°/min with a time constant of 2 s, CuKα radiation and amplitude wave k = 1.5418 Å, with a 40-kV voltage and 30 mA current. The full-width at half-maximum (FWHM) from three different peaks were used in Scherrer\'s equation to determine the average crystallite size of the nanoparticles.

2.8. Field emission scanning electron microscope (FESEM) analysis {#s0050}
-----------------------------------------------------------------

Morphological analysis was done using Hitachi SU6600 FE- SEM machine. Thin films of the sample were prepared on a carbon coated copper grid by just dropping a very small amount on the grid, extra solution was removed using a blotting paper and then the films on the SEM grid were allowed to dry by placing it under the mercury lamp for 5 min.

2.9. High-resonance transmission electron microscopy (TEM) of silver nanoparticles {#s0055}
----------------------------------------------------------------------------------

The transmission electron microscopy (TEM) images were obtained using JEOL model 3010 instrument operated at 200 kV and a beam current of 104.1 μA. Sample for this analysis were prepared by coating the aqueous AgNPs on carbon coated copper grids (300 mesh size) by slow evaporation and then allowed to dry in vacuum at 25 °C overnight.

2.10. Mosquito larvicidal bioassay {#s0060}
----------------------------------

The larvae of *A. aegypti, A. stephensi* and *C. quinquefasciatus* were collected from rice fields and stagnant water areas of Kancheepuram and identified in the Zonal Entomological Research Centre, Vellore, Tamilnadu to start the colony. The larvae were reared in the laboratory according to the method of [@bb0085]. One gram of aqueous leaf extract was first dissolved in 100 mL of distilled water (stock solution). From the stock solution, 100 mg/l was prepared with dechlorinated tap water for bioassay test. The larvicidal activity was assessed according to the procedure of [@bb0250] with slight modifications. For bioassay test, larvae were taken in five batches of 20 in 199 mL of water and to which 1.0 mL of aqueous leaf extract (6.25, 12.5, 25, 50 and 100 mg/L) and were added. The numbers of dead larvae were counted after 24 h of exposure, and the percentage mortality was reported from the average of five replicates.

2.11. Dose--response bioassay {#s0065}
-----------------------------

The experimental media in which 100% mortality of larvae occurred were selected for dose--response bioassay. Synthesized AgNPs toxicity test was performed by placing 20 mosquito larvae in 200 mL of sterilized double distilled water with the nanoparticles. The synthesized nanoparticle solutions were diluted using double distilled water as a solvent according to the desired concentrations (10, 8, 6, 4 and 2 mg/L). Each test included a set of control groups (silver nitrate and distilled water) with five replicates for each individual concentration. Mortality was assessed after 24 h to determine the acute toxicities against fourth instar larvae of *A. aegypti, A. stephensi*, and *C. quinquefasciatus*. To avoid settling of particles especially at higher doses, all treatments were sonicated for an additional 5 min prior to the addition of mosquito larvae. This additional sonication appeared to significantly decrease the settling of particles.

2.12. Statistical analysis {#s0070}
--------------------------

The average larval mortality data were subjected to probit analysis for calculating LC~50~, LC~90~ as described by ([@bb0030]), and other statistics at 95% fiducial limits of upper confidence limit and lower confidence limit and chi-square values were calculated using the software developed by [@bb0185]. Results with *p* \< 0.05 were considered to be statistically significant (SPSS 11.5).

3. Results and discussion {#s0075}
=========================

The development of easy, reliable and eco-friendly method helps to increase the interest in the synthesis and application of nanoparticles that are beneficial for mankind. Biosynthesis of NPs is advantageous over chemical and physical methods as it is cost effective and environmentally friendly method since it is not necessary to use high pressure, energy, temperature and toxic chemicals.

3.1. UV--vis analysis of phyto-synthesized solutions {#s0080}
----------------------------------------------------

The aqueous extracts of *L. aspera* and *H. suaveolens* when mixed in aqueous solution of silver ion complex, pure Ag^+^ ions was reduced to Ag° and was monitored by measuring UV--vis spectrum of the reaction media. Here, the sharp bands were centered at 401 nm in *L. aspera* AgNPs extract and at 408 nm in *H. suaveolens* synthesized AgNPs extracts clearly indicate the presence of silver nanoparticles ([Fig. 2](#f0010){ref-type="fig"} i b and ii b).Fig. 2(і): (a) Shows colour change from light yellow to be brown before and after the process of phytoreduction of Ag + to AgNPs of *L.aspera* (b) UV- visible spectrum.(іі): (b) Shows colour change from light yellow to brown before and after the process of phytoreduction of Ag + to AgNPs of *H. suaveolens* (b) UV- visible spectrum.Fig. 2

Earlier reports stated that maximum absorbance occurs due to the presence of silver particle ([@bb0205]). The peak area increased with the increase in reaction time. The possible reason for this observation could be due to the bioreduction of silver ion by the biomolecules present in the leaf extracts ([@bb0075], [@bb0080]). *L. aspera* and *H. suaveolens* aqueous leaf extracts and 1 mM AgNO~3~ solution showed no colour change and these results indicate that abiotic reduction of AgNO~3~ did not occur under the reaction conditions. It is generally recognized that UV--vis spectroscopy could be used to examine the size and shape of controlled nanoparticles in aqueous suspension ([@bb0215]).

3.2. FT-IR analysis of synthesized silver nanoparticles {#s0085}
-------------------------------------------------------

FT-IR spectroscopy is used to probe the chemical composition of the surface of the silver nanoparticles and to identify the possible biomolecules responsible for the reduction of the Ag^+^ ions and the capping of the bioreduced silver nanoparticle synthesized by the leaf extracts. The FT-IR spectrum of *L. aspera* and *H. suaveolens* extracts mediated silver nanoparticles are shown in [Fig. 3](#f0015){ref-type="fig"}.Fig. 3(і): FTIR spectrums of *L. aspera* leaf extract (A) Aqueous (B) Green synthesized AgNPs.(іі): FTIR spectrums of *H. suaveolens* leaf extract (A) Aqueous (B) Green synthesized AgNPs.Fig. 3

The FT-IR spectroscopy measurements were carried out to identify the biomolecules in the leaf extracts that were bound specifically on the synthesized silver nanoparticles. In *L. aspera* the band at 3457.2 cm^− 1^ corresponds to intermolecular O---H stretching vibrations of (phenolic and alcoholic compound), 2921.1 cm^− 1^ and 2855.3 cm^− 1^C-H asymmetric and symmetric stretches (alkenes), 1634.9 cm^− 1^ is due to N---H bend of amides and 1039.5 cm^− 1^ is assigned to C---O stretching of alcohols, carboxylic acid, esters and ethers. *H. suaveolens* AgNPs revealed peaks at 2917.8 cm^− 1^ due to C---H asymmetric and symmetric stretch of alkenes and the peak, 1621.7 cm^− 1^ is due to C000000000000 000000000000 000000000000 111111111111 000000000000 111111111111 000000000000 000000000000 000000000000O stretching of ketones and a peak at 1032.9 cm^− 1^ due to C---O stretch of ethers. Present data strongly indicate the involvement of polyphenols, carboxyl groups, amino groups and amino acid residues in silver nanoparticle synthesis. As mentioned earlier, *L. aspera* and *H. suaveolens* leaves have a rich source of bioactive compounds such as tannins, phenols, flavonoids, saponin, quinone, protein, carbohydrates, cyanin and terpenoids ([@bb0045]). It is known that proteins can easily bind to silver nanoparticles through either free amine groups or cystein residues in the proteins which ultimately stabilizes the silver nanoparticles ([@bb0065]). Based on the report by [@bb0255] the functional groups C-O, C-OH, NH and COO from amino acid and proteins has strong affinity to bind metals to produce highly stable NPs. This indicates that AgNPs synthesized from the extract are surrounded by some protein and metabolites such as terpenoids that have amines, alcohols, carboxylic acid, esters and ether as functional groups. Another report has assigned that the peak at 1634 cm^− 1^ is due to --C = C-- aromatic stretching. This suggests that silver NPs might be capped by water soluble secondary plant metabolites like flavonoids.

Stabilization of AgNPs by biological components is known to interact with metal salts via these functional groups and mediate their reduction to nanoparticles. According to [@bb0025], the carboxyl groups of amino acids and protein have the ability to link metals and thus prevent their agglomeration. A similar observation was noticed in biological synthesis of AgNPs using leaf extract of *Mimusops elengi* ([@bb0165]), *Ocimum sanctum* ([@bb0220]), *Jatropha curcas* seed extract ([@bb0020]) and Banana peel extract ([@bb0015]).

3.3. X- ray diffraction (XRD) of synthesized silver nanoparticles {#s0090}
-----------------------------------------------------------------

X-ray diffraction was used to confirm the crystalline nature of the particles. [Fig. 4](#f0020){ref-type="fig"}(i) shows a representative XRD pattern of the silver nanoparticles synthesized by *L. aspera* leaf extract after complete reduction of silver. The XRD pattern showed numbers of Bragg reflections that may be indexed on the basis of the face-centered cubic structure of silver. A comparison of the XRD spectrum with the standard confirmed that the silver particles formed were in the form of nanocrystals, as evidenced by the peaks at 2θ values of 27.80°, 32.14°, 38.28°, 46.04° and 57.64° representing the (110), (111), (121), (200) and (311) Bragg\'s reflections which may be indexed based on the face-centered cubic structure of metallic silver. X-ray diffraction results clearly reveal that the silver nanoparticles formed by the reduction of Ag^+^ ions by the *L. aspera* leaf extract are crystalline in nature. [Fig. 4](#f0020){ref-type="fig"}(ii) shows XRD pattern of silver nanoparticles obtained with *H. suaveolens* extract. After reaction, the diffraction peaks at 2θ values of 27.80°, 32.16°, 38.24°, 46.12°, 54.40° and 57.64°, assigned to the (110), (122), (123), (231), (1 4 2) and (241) planes of a faced center cubic (FCC) lattice of silver respectively and suggest that the silver nanoparticles are crystalline in nature (JCPDS File No. 84-0713).Fig. 4(і): XRD pattern of green synthesized AgNPs from aqueous leaf extract of *L. aspera*.(іі): XRD pattern of green synthesized AgNPs from aqueous leaf extract of *H. suaveolens*.Fig. 4

The reduction of the silver ions is moderately rapid at ambient conditions. This is novel and intriguing to material science as the studied leaf biomass has the capability to reduce metal ions at ambient conditions. In order to verify the results of UV--vis analysis, the sample of Ag^+^ exposed leaf extracts of *L. aspera* and *H. suaveolens* were examined by XRD. The XRD pattern showed four intense peaks in whole spectrum of 2θ values ranging from 25 to 60°. XRD pattern clearly illustrates that the silver nanoparticles formed are crystalline in nature. This indicates that the prepared silver nanoparticles may be enriched in (111) facets and thus the (111) plane seems to be preferentially oriented parallel to the surface of the supporting substrate ([@bb0055]). The sharpening of the peaks clearly suggests that the particles were in nanoregime. These sharp Bragg peaks might have resulted due to the capping agent stabilizing the nanoparticle. XRD spectrums confirmed the formation of silver nanoparticles ([@bb0010]) and suggest that crystallization of the bioorganic phase occurs on the surface of the silver nanoparticles. The results in the present study are in agreement with the observation of [@bb0105].

3.4. Morphology of synthesized silver nanoparticles {#s0095}
---------------------------------------------------

The FESEM technique was applied to determine the nano size and shape of metallic silver particles. The typical FESEM image confirmed the size of the silver nanoparticles and ranged in size of 22--43 nm in the case of *L. aspera* and 19--35 nm for *H. suaveolens* extract. FESEM images revealed that the synthesized silver nanoparticles were mostly spherical and quasispherical in *H. suaveolens* and in *L. aspera* synthesized AgNPs. The elemental composition of powdered samples was determined using SEM equipped with an EDAX detector. The energy dispersive X-ray analysis (EDAX) shown in [Fig. 5](#f0025){ref-type="fig"}, revealed the strong signal in the silver region and confirmed the formation of silver nanoparticles. The EDAX spectrum of synthesized silver nanoparticles clearly exhibited the absence of elemental nitrogen and oxygen peaks and the presence of elemental silver metal ([Fig. 5](#f0025){ref-type="fig"} i, ii). The single sharp peak confirmed the reduction of silver nitrate to silver nanoparticles. These results strongly suggest that *L. aspera* and *H. suaveolens* leaf extracts might act as a reducing and stabilizing agent in production of AgNPs. [@bb0135] described that the smaller size makes the nano particles to penetrate the cell membrane easily. Similar studies by [@bb0235] in *Delphinium denudatum* AgNPs was reported to be polydispersed, spherical and about 85 nm in size.Fig. 5(і): FE-SEM and EDAX showing synthesized silver nanoparticles formed from *L. aspera*.(іі): FE-SEM and EDAX showing synthesized silver nanoparticles formed from *H. suaveolens.*Fig. 5

3.5. TEM analysis of synthesized silver nanoparticles {#s0100}
-----------------------------------------------------

The size and morphology of AgNPs were determined by transmission electron microscopy (TEM) images. TEM analysis was done to analyse the size and the shape of the biogenically stabilized Ag nanoclusters. [Fig. 6](#f0030){ref-type="fig"} i, shows that most of the nano-crystals formed from *L. aspera* extracts were spherical in shape, largely uniform with a moderate variation in particle size. According to size distribution, most of nanoparticles ranged from 7 to 22 nm. Synthesized AgNPs from fresh leaves of *H. suaveolens* were spherical, hexagonal, triangular and polyhedral in shape ([Fig. 6](#f0030){ref-type="fig"} ii). The crystal lattice planes with ordered orientation of the lattice fringes are literally visible in one of the particle image and the TEM image of *H. suaveolens* shows that the particles size ranges from 5 to 25 nm. Furthermore, the SAED pattern proved that the green silver NPs are single crystalline in nature. Selected area electron diffraction (SAED) pattern of one of the spherical particles indicates the face-centered (fcc) crystalline nature of the nanoscale particles. The study reveals that most of the nanocrystals formed were spherical and polyhedral in shape. These results are similar to the observations of [@bb0180] who reported the spherical, polyhedral shape of AgNPs synthesized from the leaves and berries of *Solanum nigrum.*Fig. 6(і): Transmission electron microscopy and SAED images of AgNPs derived from *L. aspera* leaves.(іі): Transmission electron microscopy and SAED images of AgNPs derived from *H. suaveolens* leaves.Fig. 6

3.6. Mosquito larvicidal activity of aqueous leaf extracts of *L. aspera* and *H. suaveolens* and their synthesized silver nanoparticles {#s0105}
----------------------------------------------------------------------------------------------------------------------------------------

Varying concentrations of *L. aspera* and *H. suaveolens* aqueous extract (100, 50, 25, 12.5 and 6.5 mg/L) and synthesized AgNPs (10, 8, 6, 4 and 2 mg/L) were tested against 4th instar of *A. aegypti, A. stephensi* and *C. quinquefasciatus*. The LC~50~ and LC~90~ along with upper and lower confidence limit values and regression equations are presented in [Table 1](#t0005){ref-type="table"}, [Table 2](#t0010){ref-type="table"}.Table 1Larvicidal activity of Aqueous, 1 mM silver nitrate solution and synthesized AgNPs of *L. aspera* leaf extract against fourth instar larvae of *A. stephensi*, *A. aegypti and C. quinquefasciatus.*Table 1ExtractSpeciesCon\
(mg/mL)Mortality% ± SDLC~50~ ± SE\
(UCL--LCL) (mg/mL)LC~90~ ± SE\
(UCL--LCL) (mg/mL)χ2\
(df = 4)Aqueous*A. stephensi*10088 ± 1.8226.08 ± 2.15\
(30.31--21.85)147.61 ± 26.61\
(134.89--67.95)4.965068 ± 1.672541 ± 1.2212.528 ± 0.846.2519 ± 0.71*A. aegypti*10090 ± 2.1717.16 ± 1.52\
(20.15--14.18)101.42 ± 17.07\
(134.89--67.95)4.165073 ± 2.512559 ± 3.0312.540 ± 1.486.2526 ± 1.34*C. quinquefasciatus*10085 ± 2.0533.68 ± 3.01\
(39.59--27.78)207 ± 44.08\
(294.08--121.28)9.75057 ± 1.792539 ± 0.8912.523 ± 1.486.2517 ± 2.05Silver nitrate(1 mM solution)1065 ± 1.6721.25 ± 5.09\
(32.19--12.38)73.49 ± 35.72\
(142.57--43.42)4.99851 ± 2.51632 ± 4.47418 ± 1.30208 ± 0.87AgNPs*A. aegypti*10100 ± 0.004.02 ± 0.21\
(4.44--3.59)11.22 ± 9.91\
(13.16--9.28)32.5880 ± 1.55654 ± 1.30441 ± 0.84228 ± 1.00*A. stephensi*10100 ± 0.004.69 ± 0.22\
(5.13--4.57)12.09 ± 1.04\
(14.13--10.05)40.7875 ± 1.10645 ± 1.67434 ± 1.66221 ± 1.00*C. quinquefasciatus*10100 ± 0.005.06 ± 0.22\
(5.51--4.61)12.74 ± 1.10\
(14.90--10.58)49.1872 ± 1.87639 ± 0.89429 ± 1.14219 ± 0.84Table 2Larvicidal activity of Aqueous, 1 mM silver nitrate solution and synthesized AgNPs of *H. suaveolens* leaf extract against fourth instar larvae of *A. stephensi, A. aegypti and C. quinquefasciatus.*Table 2ExtractSpeciesCon\
(mg/mL)Mortality % ± SDLC~50~ ± SE\
(UCL--LCL) (mg/mL)LC~90~ ± SE\
(UCL--LCL) (mg/mL)χ2 (df = 4)Aqueous*A. stephensi*10079 ± 1.2234.33 ± 3.01\
(40.24--28.42)200.47 ± 40.65\
(280.15--120.79)0.875062 ± 1.342537 ± 1.6712.523 ± 0.146.2511 ± 1.00*A. aegypti*10086 ± 2.2821.30 ± 1.86\
(24.97--17.64)131.88 ± 24.31\
(179.54--84.21)0.85075 ± 1.482551 ± 3.3612.536 ± 1.796.2520 ± 1.10*C. quinquefasciatus*10090 ± 2.1219.25 ± 1.87\
(22.91--15.58)146.31 ± 30.55\
(206.21--86.42)5.475065 ± 2.742559 ± 1.2212.537 ± 2.286.2526 ± 2.21Silver nitrate(1 mM solution)1065 ± 1.6721.25 ± 5.09\
(32.19--12.38)73.49 ± 35.72\
(142.57--43.42)4.99851 ± 2.51632 ± 4.47418 ± 1.30208 ± 0.87AgNPs*A. aegypti*10100 ± 0.004.63 ± 0.22\
(5.06--4.19)12.07 ± 1.043\
(14.12--10.03)33.7872 ± 1.30650 ± 0.71436 ± 1.52221 ± 1.51*A. stephensi*10100 ± 0.004.04 ± 0.21\
(4.46--3.63)10.99 ± 0.92\
(12.80--9.17)29.4880 ± 0.84656 ± 2.97440 ± 1.56228 ± 1.58*C. quinquefasciatus*10100 ± 0.003.52 ± 0.20\
(3.92--3.13)9.61 ± 0.76\
(11.12--8.11)24886 ± 1.10665 ± 1.67446 ± 1.00232 ± 1.48

The aqueous extracts of *L. aspera* were less toxic than the green synthesized silver nanoparticles against three tested mosquito species. The fourth instar larvae of the three mosquito species tested were highly susceptible to *L. aspera* AgNPs. At 10 mg/L concentration, 100% mortality was recorded after 24 h post treatments. The LC~50~ and LC~90~ values of aqueous leaf extract treated against fourth instar larvae of *A. stephensi* after 24 h post treatment was 26.08; 147.6 mg/L and 17.16; 101.42 mg/L against *A. aegypti* and 33.68; 207 mg/L against *C. quinquefasciatus* was observed, while LC~50~ and LC~90~ values of synthesized AgNPs treated against fourth instar larvae of *A. aegypti* was 4.02; 11.22 mg/L against *A. stephensi* was 4.69; 12.09 mg/L and *C. quinquefasciatus* was 5.06; 12.74 mg/L. The green synthesized AgNPs of *L. aspera* showed high toxicity against the treated larvae at very low concentrations.

The aqueous extract of *H. suaveolens* was less toxic than the green synthesized silver nanoparticles against the three tested mosquito species. The LC~50~ and LC~90~ values of aqueous leaf extract treated against fourth instar larvae of *A. stephensi* after 24 h post treatment was 34.33; 200.47 mg/L and 21.30; 131.88 mg/L against *A. aegypti* and was 19.25; 146.31 mg/L against *C. quinquefasciatus*. The LC~50~ and LC~90~ values of synthesized AgNPs treated against fourth instars larvae of *C. quinquefasciatus* was 3.52; 9.61 mg/L against *A. stephensi* was 4.04; 10.99 mg/L and *A. aegypti* was 4.63; 12.07 mg/L respectively. The green synthesized AgNPs of *H. suaveolens* showed high toxicity against the treated larvae at very low concentrations and showed 100% mortality against all the tested species at 10 mg/L concentration.

Synthesized AgNPs and aqueous extracts of *L. aspera* and *H. suaveolens* showed larvicidal activity against the fourth instar larvae of *A. aegypti*, *A. stephenesi* and *C. quinquefasciatus.* However, highest mortality was found in synthesized AgNPs when compared to aqueous extract against all the three mosquito species tested. These results are comparable to earlier reports of [@bb0170] who reported the toxicity of AgNPs synthesized using *Euphorbia hirta* leaves against the first to fourth instar larvae and pupae of the malarial vector, *A. stephensi*. Similar results were observed by [@bb0155] who reported the bioactivity of AgNPs synthesized from the latex producing plant *Pergularia daemia* against the larval instars of *A. aegypti* and *A. stephenesi*. [@bb0060] reported the larvicidal potential of AgNPs synthesized from *Rhizophora mucronata* leaf extract against the larvae of *A. aegypti* and *C. quinquefasciatus.* GNPs synthesized from the aqueous leaf extract of *Hibiscus rosasinensis* showed potent activity against the larvae of *Aedes albopictus* ([@bb0200]) and nanoparticles from the fungus have been reported against *A. stephensi* ([@bb0195]).

4. Conclusions {#s0110}
==============

The nano-sized silver particles synthesized using leaves extracts of *L. aspera* and *H. suaveolens* were spherical, hexagonal, triangular and polyhedral. The formed silver nanoparticles are highly stable and exhibited significant mosquito larvicidal activity against the larvae of *A. aegypti, A. stephensi* and *C. quinquefasciatus*. This reveals the efficacy of AgNPs as a potent larvicidal agent. The surface reactivity facilitated by capping enables these functionalized NPs as promising tool for vector control. Therefore, in combination with mosquito repellents or other vector control measures, such plants synthesized AgNPs may have significant impact on the incidence of malaria and filariasis and can be considered as an important tool in integrated vector control programs. The application of plants synthesized AgNPs being simple and affordable may be useful in preventing dengue, malaria and filariasis.
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